A decrease in inhibitor titer has been reported in some patients with acquired factor Vlll inhibitors treated with intravenous gammaglobulin (IGIV). We have conducted a prospective, multicenter study of high-dose IGlV in treatment of this disorder to determine efficacy. Nineteen patients received induction therapy with IGIV, 1,000 mglkg x 2 consecutive days or 400 mglkg x 5 consecutive days, followed by maintenance doses at intervals as clinically indicated. A ~~2 5 9 0 reduction in inhibitor titer was observed in 8 of 16 assessable patients, six of whom met the criteria for response. A rapid decline in inhibitor titer over 3 to 4 days was observed in two patients, but in four additional responding CQUIRED HEMOPHILIA is a rare disorder caused by the spontaneous development of an autoimmune antibody (inhibitor) against factor VI11 coagulant protein (FVII1:C).l4 There is a recognized association between development of acquired antibodies to factor VIII and a number of diseases, especially those with an autoimmune basis."3 These risk factors include rheumatoid arthritis, other connective tissue diseases, inflammatory bowel disease, malignancy, skin diseases such as pemphigus, drug treatment (particularly with penicillin), and postpartum state. In many cases, the inhibitor is idiopathic.
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Circulating inhibitors to factor VI11 may lead to an acquired hemophilic state and life-threatening bleeding complications or, in mild cases, may be detected incidentally because of a prolonged activated partial thromboplastin time Bleeding episodes may occur spontaneously and be severe and life-threatening. The fatality rate is high, reaching 22% in some series? Autoimmune inhibitor antibodies to factor VIII, therefore, pose a serious management problem. Therapy is often difficult and may include treatment with corticoster~ids,~ immunosuppressive agents?' and plasmapheresis to reduce the inhibitor titer and administration of large doses of human or porcine factor VI11 or substances with bypassing activity to treat hem~rrhage.'.~ In 1981, Imbach et a l l 0 made the empirical observation that high doses of intravenous gamma globulin (IGIV) led to a transient increase in the platelet count in children and adults with idiopathic thrombocytopenic purpura (ITP). After additional reports of beneficial effects of high doses of IGIV in treatment of ITP as well as other autoimmune disorder^,""^ Sultan et all5 reported the experience in treatment with IGIV of two patients with autoimmune factor VI11 inhibitors, with a rapid and prolonged, although incomplete, suppression of antibody. This report, as well as subsequent reports from other investigators, involved relatively few patients.16-*' We now report the results of a prospective, multicenter study of efficacy of high-dose IGIV in treatment of acquired inhibitors.
A

MATERIALS AND METHODS
Patients from four participating institutions with demonstrable acquired autoantibodies to factor VIU were eligible for enrollment into a protocol study of treatment with 5% IGIV, pH 4.25 (5% Gamimune-N; Miles Inc, Berkeley, CAZz). Both patients who had active hemorrhage and those who did not were eligible for study. Patients with genetic hemophilia were excluded from study. The Blood, Vol 86, No 2 (July 15). 1995: pp 797-804 patients-two of whom received repetitive maintenance doses of IGIV-the decline was more gradual, with final nadirs being reached several weeks to many months after treatment. The inhibitor disappeared in three patients with low-level inhibitors, less than 1 Bethesda unit (BU). Concomitant therapy with prednisone may have contributed to the response in two of the patients but was not a factor in four patients; the response rate is, therefore, estimated to be between 25% and 37.590. These results confirm the beneficial effect of IGlV in treatment of some patients with acquired autoimmune factor Vlll inhibitors.
0 1995 by The American Society of Hematology. study protocols and informed consent forms were reviewed and approved by the Institutional Review Board at each participating center.
Study Design
Induction treatment regimens. Two different treatment regimens were used for induction therapy: IGIV 1,000 mgkg on each of 2 consecutive days or 400 mgkg on each of 5 consecutive days. In general, the 5-day treatment regimen was used when volume overload was a consideration; otherwise, the 2-day regimen was used.
Definitions of response. A complete response (CR) was defined as complete disappearance of the inhibitor antibody and normalization of the plasma factor VIU level. A favorable response (FR) was defined as a decrease in titer of the inhibitor antibody of 250% of the baseline value or a rise in factor VIII to greater than 25%. A partial response (PR) was defined as a decrease of 25% to 49% of the inhibitor titer or, in patients with a baseline factor VI11 level of less than 5%, a rise in factor VI11 to 6% to 25%. Patients who demonstrated a decline in inhibitor titer 524% of the initial baseline value, whose inhibitor decline was not sustained for more than 2 days, or whose final plasma factor VI11 level was less than 5% were classified as failures. The maintenance program was a single dose of IGIV, 400 mgl kg; in four patients, one maintenance course of IGIV, 1,OOO m a g , was administered on 1 or 2 consecutive days. Nine different lots of IGIV were used in the investigation.
Laboratory Tests
Plasma samples were processed, stored, and assayed for factor VIII by one-stage clotting assays. Assays for factor VIU inhibitor were performed in the laboratories of the individual participating principal investigators according to the Bethesda method.23 Any plasma sample found to have an inhibitor level of 20. 6 Bethesda units (BU) was considered to be positive for factor VIII inhibitor. Bethesda assays were drawn after the last dose of IGJY induction dose and weekly thereafter as appropriate, until no further decrease occurred for two consecutive values or the titer began to increase.
RESULTS
Nineteen patients with acquired inhibitors were treated.
Clinical details on all 19 patients are summarized in Table  1 . In all 19 cases, the inhibitors had been detected because of bleeding symptoms. mgikg, with each infusion lasting 9 hours and with the doses separated by 24 hours. After discharge from the hospital and approximately 21 hours after completing the second IGIV dose, she began to develop increasing abdominal girth and flank pain. The patient was treated in a local emergency room, where she was noted to have a blood pressure of 60 mm Hg and was believed to have intraabdominal and/or retroperitoneal bleeding. She was treated with large volumes of fluid resuscitation and then transferred to the University Hospital emergency room, where uncrossed matched blood and factor IX complex concentrate were administered. She became progressively more hypotensive and died in the emergency room approximately 12 hours after symptoms began. Autopsy was not permitted. Patient 18 was treated with IGIV after developing massive gastrointestinal bleeding 2 days earlier that was unresponsive to large amounts of cryoprecipitate and blood; she died 12 hours after treatment, and the response to treatment could, therefore, not be evaluated. Patient 19 had been previously treated with IGIV, 400 mg/kg/d for 5 days, and had responded to treatment as previously reported"; she was retreated in the current series for relapse with a low titer inhibitor (0.5 BU) but received only a single dose of IGIV, 400 m a g , at induction and was, therefore, not considered assessable.
The 16 assessable patients ranged in age from 25.4 to 83.9 years of age (mean, 62.7 2 17.0 years; median, 66.4 years). Nine were female and seven were male. Thirteen of the 16 For
patients had underlying diseases, some of which have been reported to be associated with the development of the acquired inhibitor, including systemic lupus erythematosus, asthma, lupus anticoagulant, diabetes mellitus, arthritis, postpartum state, medications, or cancer."' In three patients, no associated disorders were present. Four of the six patients responding to IGIV therapy and 4 of the IO nonresponding patients had been treated with prior immunosuppressive therapy, with only two patients (patients 6 and 13) demonstrating any response. Patient 6 was treated with prednisone, porcine factor VIII, cryoprecipitate, and red blood cell transfusions over 4 days with a decrease in the inhibitor titer from 2.8 BU to 0.2 BU and an increase in the factor VI11 level to 53%. However, 6 days after treatment, the inhibitor titer was once again 1.0 BU, at which time treatment with IGIV was initiated with continued prednisone treatment. Patient 13 was treated with IGIV and azathioprine with disappearance of a high-titer inhibitor. However, the inhibitor recurred 3 months after discontinuation of azathioprine, and the patient was, therefore, enrolled in the current investigation.
Of the 16 assessable patients, 12 received induction courses of treatment with IGIV, 1,000 mg/kg/d for 2 days, and four patients were treated with 400 mg/kg/d for 5 days. A 225% decline in the factor VI11 inhibitor titer was observed in 8 of the 16 assessable patients after treatment with IGIV, six of whom met the criteria for response ( Table 2 ). All responding patients received the high-dose IGIV induction course of 1,000 mg/kg/d X2. In three patients (patients 4 through 6) with low baseline level inhibitors (0.9, 1 .O, and 1 .O BU, respectively), the inhibitor disappeared completely after IGIV treatment, and three patients (patients 1 through 3) with inhibitor titers of 12, 102, and 280 BU, respectively, achieved favorable responses, with posttreatment inhibitor titers of less than 6 BU. Patient 7 with a hightiter inhibitor had an 83% decrease in the inhibitor titer after IGIV treatment: from 1,228 BU on day 0 to 208 BU on day 7. In patient 15, the inhibitor titer decreased from 4.8 BU on day 0 to 0.3 BU on day 37. However, these two patients were classified as nonresponders because the inhibitor titer remained high without clinical benefit (patient 7) or the response was transient (patient 15). Factor VI11 levels were measured in five of the six responding patients (patients I , 2, and 4 through 6; data not available in patient 3) and became measurable or increased to near normal levels in each of these patients. Peak factor VITI levels lagged behind nadir inhibitor levels, in some cases by many months ( Table 2) . Two of the responding patients, patients 1 and 6, received concomitant prednisone therapy. Prednisone was initiated at the same time as IGIV therapy in patient 6, but patient 1 had received low-dose prednisone for multiple years, high-dose therapy (35 mg/d) for 2 months before commencement of IGIV treatment, and 37.5 mg/d beginning on day 32 of study (see legend to Fig 1, for full details) . As the impact of IGIV on the decrease in inhibitor titer cannot be assessed independently in these two patients, the overall response rate is estimated to be between 25% (4 of 16) and 37.5% (6 of 16) excluding and including these two patients, respectively. For
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response received maintenance courses of IGIV treatment. The decline in inhibitor titer continued over a prolonged period of time in these two patients, as well as in two additional patients (patients 3 and 4; Figs 1 through 4) . Therefore, the time to ultimate nadir was longer, ranging from 1 1 to 6 4 1 days in all six patients (median, 59 days) and 14 to 6 4 1 days (median, 59 days) in the four patients who were treated with IGIV alone without concomitant prednisone therapy. The median final nadir titer posttreatment in the six responding patients was 0. 95 BU (0, 0, 0, 1.9, 1.9, and 3.8 BU, respectively). The ultimate response rates (CR, FR, PR) versus initial titer were as follows: initial titer, less than 10 BU: three of five (60%) patients responded; initial titer, 10 to 50 BU: one of four (25%) patients responded; and initial titer, greater than 50 BU: two of seven (28.6%) patients responded. The treatment details of the six responding patients are summarized in Table 2 and are shown graphically by individual patient in Figs 1 through 6. IGIV was well tolerated, with only 10 reactions reported in 88 infusions (1 1.4%) occurring in 3 of 19 patients treated overall (16%); one patient accounted for 8 of the 10 reactions. Headache was the most frequent observed side effect, recorded in seven infusions. Other reactions noted in two or less infusions included aching (back, neck, shoulder, and body), dizziness, itching, chest tightness, and wheezing. All reactions were mild or moderate, and none was considered severe. The death of patient 17 approximately 33 hours after completing treatment with IGIV was unexpected and believed to be due to intraabdominal andor retroperitoneal bleeding with resultant hypotension. It is not possible to determine if this was due to spontaneous bleeding or if the volume of IGIV administered during the preceding 48 hours (20 ml/kg on each of 2 consecutive days) may have contributed to this. inhibitors, with a 225% decline in inhibitor titer observed in 8 of 16 assessable patients, six of whom met the criteria for response. As two of the responding patients received concomitant prednisone therapy, the response rate is estimated to be between 25% and 37.5%, excluding or including, respectively, these two patients in the determination of the response rate. Sultan et alX have previously reviewed the literature on anecdotal treatment of 1 1 such patients, 10 of whom demonstrated a greater than 50% reduction in inhibitor titer after treatment. Based on the response criteria used in the current investigation, eight patients would have been classified as having responded to treatment (one with concomitant prednisone). The lower response rate observed in the current study might be ascribed to the fact that it was a prospective rather than retrospective analysis. As might be predicted intuitively, responding patients in the current series tended to have lower inhibitor titers at treatment, with all three patients who achieved complete remission having initial antibody titers S 1 .O BU. However, three of the responding patients had high-titer inhibitors (12, 102, and 280 BU, respectively), and in a fourth patient who did not meet the criteria for response, there was a decline in inhibitor from 1,228 BU to 208 BU in 7 days. One of the responding patients had had a high-titer inhibitor of 6 years' duration, so a high-titer inhibitor of longstanding duration is not a contraindication to attempting treatment with IGIV per se. All of the responding patients received the same induction course of IGIV therapy, 1, OOO mgkg X2 days. The decision as to whether to treat initially with a 2-or 5-day induction course was based on clinical considerations, and, therefore, no conclusion can be made regarding the comparative efficacy of the 2-and 5-day treatment regimens.
A rapid decline in inhibitor titer after IGIV therapy was observed in two patients (one of whom also received prednisone), as has been reported by others," but in the other responding patients, the decline was more gradual, with final nadirs being reached much later and sometimes weeks or months after IGIV had been discontinued. The time to a W C -20 2 2 5 % decline in the inhibitor titer occurred from 3 to 40 days (median, 18 days). As observed in two patients in the current study, repetitive maintenance doses of IGIV over a prolonged period of time may be beneficial in some patients demonstrating an early but incomplete response, resulting in significant late decline in the inhibitor titer. Although it is possible such delayed responses are spontaneous remissions and are not due to IGIV therapy per se, in one of the cases observed in this study, the inhibitor had been present in high titer for 6 years before the gradual decline that began only 0 20
40
when IGIV treatment was initiated, suggesting a causal rather than a spontaneous effect. Treatment with IGIV was generally well tolerated. However, the death of one patient due to presumed intraperitoneal/retroperitoneal hemorrhage approximately 33 hours after completing treatment with high-dose IGIV was unexpected. As a dose of IGIV of 1,000 mgkg entails a large volume load, such therapy is not recommended for individuals with expanded blood volumes or where fluid volume may be a concern. an increase in the factor Vlll level (0) t o 53%. Six days after treatment, the inhibitor titer was once again 1.0 BU and the factor Vlll level was 26%. at which time treatment with IGlV (VI was initiated, 1.000 mglkg on days 0 and 1, with continued prednisone, 30 mgld, decreased t o 20 mg/d on day 3. Repeat inhibitor titer on day 3 was 0.3 BU and on day 11 was 0 BU, with a factor Vlll level of 102%. Repeat inhibitor titers during days 11 through 164 were all 0 with factor Vlll levels ranging from 59% t o 145% on day 164.
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Various mechanisms have been postulated for the beneficial effect of IGIV in autoimmune disorders including Fc reticuloendothelial b l o~k a d e ,~~~~~ inhibition of antibody synthesis," and increased numbers of suppressor ~e l l s .~~,~~ The mechanism responsible for the beneficial effect of high-dose IGIV treatment in acquired FVIII inhibitors is not well understood but may result from antiidiotypic antibodies contained within IGIV against anti-factor VI11 autoantibod-IGIV therapy has also been associated with increased suppressor T-cell function in patients with ITP27,2R and a patient with a spontaneous inhibitor to factor VIII." It is possible such effects might contribute to the delayed salutary effect of IGIV observed in some cases.
IGIV therapy is costly and, as demonstrated in the current study, benefits only a minority of patients with acquired inhibitors. It offers, however, an alternative mode of treatment for patients who have not responded to or have become refractory to immunosuppressive therapy, who have demonstrated only partial response to other therapy, who have contraindications to immunosuppressive therapy, or who require treatment for life-threatening conditions. ies.24,29-31
